Summary: An investigation was made of the facial artery in 3 heads of the lion (Panthers s. Felis leo) in the possession of the authors' department. The heads were injected with acryl plastic via the common carotid artery and were examined from the standpoint of the comparative anatomy. Five sides of these 3 heads were prepared to vascular corrosion casts and the remaining side to a dessection specimen preserved in formalin solution.
There have been few reports on the general morphology of the giant cat family (Panthera) including the lion, tiger, etc., although detailed anatomical investigations in the small cat family (Felis) including the domestic cat (Felis catus S. domestica) have been made for various organs. The gross angiology of the lion has not been studied, although that of the tiger and leopard has been described by Tandler (1899) .
As one of principal arteries supplying the face, Adachi (1928) facial artery in man, but when it is under-. developed, it may be supplemented by the transverse facial artery. The facial artery usually takes a complicated and long course with rich ramifications since it is distributed not only to the facial region but also the submandibular and submental regions. However, the detailed angiology has not been investigated in laboratory animals, and only gross descriptions are given in textbooks of comparative anatomy. Recently, detailed observations have been made on the facial artery and its distribution features in the dog by M. Irifune (1980) , the rabbit by Takashi Irifune (1986), the goat by Tadashi Irifune (1987) , the cat by Nakamura (1987) and the rat by Nakajima (1988) . These studies have helped to elucidate the differences between animal species and correlations between the facial artery and other principal vessels in the face. The present paper describes detailed observations on ramifications and distribution features of the facial artery of the lion, and discusses them from the standpoint of the comparative anatomy, especially within the Carnivora. Also, vascular casts of the head and neck of the cat and dog, preserved in our department, are shown in Figs. 3 and 4 as reference materials.
Materials and Methods
Three young lion (Panthera s. Felis leo) heads injected the acryl plastic into the carotid system, preserved in the Department of anatomy, Osaka Dental University, were investigated. The plastic injection was made via the common carotid arteries utilizing the plastic injection method (Taniguchi, Ohta et al. 1952 , 1955 . Two complete heads and one half of the other head were prepared to corrosion casts of the carotid system by treating with 20% NaOH solution. The remaining half was preserved in 10% formalin solution, and was dissected to investigate relations between the blood vessels and surrounding structures. All these materials (6 sides) were used for observation and measurement of the facial artery and its ramifications.
The nomenclatures of the arteries and muscles in the lion were decided by reference to Nomina anatomica veterinaria (1973) and to the structures found properly in the Felis family employing the nomenclature used in the cat by Hanai (1964) and Nakamura (1987) . The facial artery (3.2-3.8, M. 3.5mm in diameter) was observed in all 3 heads (6 sides). In 5 of the sides, the facial artery arose forwards from the anteroinferior wall of the external carotid artery in a position where the external carotid curved laterally in front of the tympanic bulla and between the origins of the lingual and posterior auricular arteries (Fig.  5 ). In the remaining one side, the facial artery arose from the anterior wall of the external carotid in the level of the origin of the posterior auricular (Fig. 6) .
The facial artery passed forwards medial to the insertion of the masseter muscle between the digastricus and the styloglossus muscles and along the superior margin of the digastricus after giving off the mandibular glandular branch upwards. It arched anteroinfero-laterally, giving off a thick, masseteric branch and the sublingual glandular branch, up to the posterolateral end of the mylohyoideus muscle, where the facial artery gave rise to the submental artery forwards (Figs.  1, 5, 7) . The facialartery then bent anterosupero-laterally along the superior margin of the digastricus and reached the facial vascular notch, through which the artery passed in the face along the inferoanterior end of the masseter muscle. The artery can antero- , observed in all 3 heads, arose supero-antero-laterally from the superolateral wall of the facial and passed between the insertion of the masseter and the digastricus up to the inferior margin of the masseter. Beyond this, the branch passed 2-3 mm anterior to the margin of the muscle on its lateral surface and gave off several twigs its the superficial layer. One of them extended along the anterior margin of the masseter, anastomosing with peripheral twigs of the buccal branch and the masseteric branch of the buccal artery (Hata 1967 , in the cat). Others anastomosed with the masseteric branches on the superficial temporal, the transverse facial and maxillary arteries.
3 This artery (1.8-2.2, M. 2.0 mm in diameter), observed in all 3 heads, passed antero-infero-medially along the inferior margin of the mandible and between the origin of the mylohyoideus and the insertion of the digastricus, appearing as a forward continuation of the parent artery accompanied by the mylohyoidal nerve. En route, the artery gave off mylohyoidal branches (1.1 mm in diameter) numbering more than 10 superiorly and inferomedially and digastric branches (1.0 mm in diameter) numbering about ten anteriorly and posteriorly. One or two of the digastric branches passed posteriorly to supply the site of origin of the digastricus which was located posterior to the origin of the submental artery (Figs. 5, 7). Two (1.5 mm in diameter) of the mylohyoidal branches, usually well-developed, ascended, and the respective vessels supplied the lingual gingivae of the lower molars and those of the premolars. The submental artery reached the anterolateral margin of the mylohyoideus, giving off 2 or 3 genioglossal branches, and anastomosed with the opposite fellow at the posteroinferior end of the intermandibular synchondrosis. From this anastomosis, a twig to the geniohyoideus muscle was derived. However, twigs to the sublingual mucosa and incisal gingivae were not observed.
B. Branches in the facial region 5) Mandibular marginal branch (Nakamura 1987 , in the cat) (Figs. 1, 9, 10) This branch (1.0-2.0, M. 1.3 mm in diameter), observed in all 3 heads, arose forwards from the anteroinferior wall of the facial in the level of the inferior border of the molar gland. It passed forwards along the border and terminated to supply the platysma, the molar gland and the skin of their vicinity in 5 sides (Fig. 9 ). In the remaining one side, this branch was well-developed and passed forwards along the inferior border of the molar gland towards a position inferior to the oral angle after supplying the platysma and the gland. It continued forwards inferior to the inferior labial artery and anastomosed with the middle mental artery, appearing as double, inferior labial arteries (Fig. 10) . Furthermore, the mandibular marginal branch of this case formed an inferior labial arterial network by anastomosing between the original inferior labial and the middle mental artery of the opposite side.
6) Buccal branch (Nakamura 1987 , in the cat) (Figs. 1, 9, 10) This branch (1.0-1.4, M. 1.2 mm in diameter), observed in all 3 heads, arose superoposteriorly from the superoposterior wall of the facial artery. In 5 sides, it arose at the level of the origin of the mandibular marginal branch and in the another case medial to its origin (Fig. 10) . This branch passed superoposteriorly between the buccinator and the superficial layer of the masseter and supplied the anterior portion of the superficial and deep layers of this muscle and the buccinator, anastomosing with the buccal branch (Hata 1967 , in the cat) of the buccal artery and peripheral branches of the masseteric branch.
7) Cutaneous branches (Nakamura 1987, in the cat) (Figs. 1, 8, 9 )
These branches (1.0-1.6, M. 1.3 mm in diameter), numbering 1 or 2 in all 3 heads, usually arose superoposteriorly from the following sources. In 5 sides, the branch arose from the facial artery (Fig. 11) ; and in the remaining side 2 branches arose from the facial and the angular branch of the posterior superior labial artery, respectively (Fig. 9) . These branches were widely distributed to the skin covering the anterior cervical, the submental and the submandibular regions through the formation of a subcutaneous arterial network anastomosing with similar branches of the superficial temporal and the middle mental on both sides (Fig. 8) .
8) Inferior labial artery (Figs. 1, 11 ) This artery (1.8-2.4, M. 2.1 mm in diameter), observed in all 3 heads as one of the termini of the facial artery, arose forwards from the anterior wall of the facial in a position posterior to the oral angle. It passed forwards along the upper border of the molar gland up to the angle of the mouth, giving off numerous twigs to it. In both sides of 2 heads, this artery gave rise to the mandibular lymph node branches posteroinferiorly from the inferior wall. The branches ran posteromedially in the submandibular region beyond the mandibular basis to supply the mandibular lymph nodes (Figs. 1, 9, 11 ). This artery on both sides of 2 heads entered the lower lip to supply its skin and the orbicularis oris muscle, and anastomosed richly with the opposite fellow and peripheral twigs of the middle mental artery to form an inferior labial arterial network (Fig. 12) . On one side of the remaining head, the mandibular marginal branch was well-developed and passed in parallel with the inferior labial artery inferior to it (Fig. 10) , and the artery of the opposite side terminated in the lower lip anterior to the middle mental foramen, but the welldeveloped, middle mental artery contributed to form the inferior labial arterial network (Fig. 9) . 9) Posterior superior labial artery (Hanai 1964 , in the cat) (Figs. 1, 13, 14, 15) This artery (1.6-2.4, M. 2.0 mm in diameter), observed in all 3 heads, arose anterosuperiorly as the other of the termini of the facial artery, also appearing as a course continuation of the parent artery in the facial region. It gave rise to the angular branch (1.3 mm in diameter) supplying the angle of the mouth and the skin of its vicinity anteriorly and a branch to the superior (0.9 mm in diameter) (A. angularis in man) (Fig. 14) superoposteriorly and curved forwards at a position posterior to the medial angle of the eye. On one side of one of the heads, the artery, being rather thick, passed forwards along the superior margin of the upper lip as the anterior superior labial artery (Hanai 1964 , in the cat) after anastomosing with a thick branch of the infraorbital artery. It finally divided into the superficial and deep branches. The former supplied the skin of the upper lip and the latter supplied numerous twigs to the orbicularis oris (Figs. 14, 15) . The anterior superior labial artery formed the superior labial arterial network by anastomosing between numerous twigs of the lateral nasal artery (Hanai 1964 , in the cat) of the infraorbital and of the opposite fellow (Fig. 15) . The superficial branch in this case ascended on the nasal septum between the nares and terminated in the nasal septal branch (Fig. 15) . In the remaining 5 sides, the posterior superior labial artery was underdeveloped. In 3 of these sides (bilateral in one head and unilateral in the other), it terminated to a thick, anterior superior labial artery (Hanai 1964 , in the cat) (Fig. 13) , from which the superficial and deep branches were dervied. In the remaining 2 sides (bilateral in one head), the posterior superior labial did not anastomose with the anterior superior labial, appearing as the deep branch, but terminated in the deep branch (Fig. 14) .
Discussion
Most of morphological studies on the Felis family have been carried out on Felis domestica. A few of investigations have examined the morphology of the lion, such as the gross anatomy of the principal organs (Hashimoto 1961 ), muscles of the pharynx (Himmelreich 1977 ), a brief description of the mandible (Denoix 1983 ) and bronchial tree and blood vessels of the lung (Nakakuki 1985) .
The gross anatomy of the giant fields (Panthera) has been discussed by Martin (jaguar in 1832, puma in 1833), Owen (cheetah in 1833) and Jones (tiger in 1834). Tandler (1899) described principal branches in the head and neck of the tiger and leopard in his comparative anatomy of mammals. He also carried out an investigation of the maxillary and stapedial arteries of these species, and stated that the carotid system of the giant fields was similar to that of Felis domestica. Davis et al. (1943) made a short statement on the arterial system of the lion and leopard in his publications examining the carotid circulation of the domestic cat. After all, there have been no detailed reports on the angiology of the lion.
Origin of the facial artery
The facial artery of the lion does not from a common trunk with the lingual artery but always arises independently, between the origins of the lingual and the posterior auricular arteries in 5 of the 6 sides observed. These features resemble those reported in the cat in 98 of 100 examples observed (Nakamura 1987 ) and of the dog in 76 of 80 examples observed (M. Irifune 1980) . In the remaining one side of the lion, the origin of the facial artery was located at the height of the origin of the posterior auricular. Such an arising feature is not seen in the cat and dog. On the other hand, the variations in 2 cases of the cat reported by Nakamura and in 4 cases of the dog by Irifune, in which the submental artery of the facial arises from the usual origin of the facial and its main stream supplying the face arises directly from the external carotid, were not observed in the lion.
Ramifications
The first branch of the facial artery in the submandibular glandular branch, since the parotid gland is supplied by the superficial temporal and the posterior auricular. Hiirlimann (1913) reported that the first branch of the facial in the cat was such a glandular branch but sometimes arose directly from the external carotid. However, the first branch of the facial was described as a thin, styloglossal branch in 81 of the 100 examples of the cat reported by Nakamura (1987) and the similar branch in 43 of 80 examples of the dog by M. Irifune (1980) . In a few cases where the styloglossal branch arises from the external carotid near the origin of the facial of the cat and dog, the mandibular glandular branch is the first branch of the facial as seen in the lion. The masseteric branch arises at a similar level of the origin of the inferior masseteric branch of the cat (Nakamura 1987) . It is always welldeveloped and is distributed to a wide area covering those of both the inferior and anterior masseteric branches in the cat and dog. In contrast, on all sides observed in the lion, no anterior masseteric branch was seen.
The sublingual gland is directly supplied by the sublingual glandular branch of the facial, although this branch arises in common with the mandibular glandular branch in the cat and dog.
A direct, digastric branch as observed in the cat is not seen in the lion, but the digastricus is supplied by the digastric branch of the submental artery. The ascending palatine artery reported in 30 of 100 examples by Nakamura is not observed in the lion.
The general situation for all ramifications in the submandibular region is that one branch usually supplies one organ, since each branch is always well-developed in the lion, although several branches or a common trunk between them , usually tend to supply more than two organs in the cat and dog. This is one of a reason why the head of the lion itself is proportionately much larger than that in the dog and cat. Also, each branch of the facial itself in the lion is sufficiently stout to supply an entire organ.
The submental artery resembled that of the cat and dog in its course and ramifications, but underdeveloped in its peripheral portion in 6 sides and terminated to anastomose with the opposite fellow at the inferoposterior end of the intermandibular synchondrosis. The blood vessels supplying the sublingual mucosa and incisive gingivae which usually diverge from the anastomosis between the bilateral submental arteries as the sublingual arteries (carnivora type of Otsuka 1979) in the cat and dog, were not observed, but there was a branch arising from the lingual artery (human type of Otsuka). This difference may be small number of examples observed. The ramifications of the facial artery in the facial region were also similar to those observed in the cat (Nakamura 1987 ) and dog (M. Irifune 1980) . However, the inferior labial artery in 2 sides is so well-developed that it reached the median line, but was underdeveloped on one side (as seen in the cat) so that the mandibular marginal branch and the middle mental artery were well-developed instead. The posterior superior labial artery was rather well-developed on one side and extends to the upper lip, but in the remaining 5 sides this artery was underdeveloped (as seen in the cat) and instead of it a branch (anterior superior labial artery in the cat, Hanai 1964) of the infraorbital artery is well-developed. Accordingly, the present authors wish to refer to the posterior superior labial artery in the manner used by Hanai (1964) in the cat.
Conclusions
Utilizing the acryl plastic injection method, the origin, ramifications and distribution feature of the facial artery was investigated on three heads of the lion.
I. The facial artery arose independently from the external carotid artery between the origins of the lingual and the posterior auricular arteries. The mandibular gland and part of the sublingual gland were removed. The facial artery arises from the external carotid artery posterior to the origin of the lingual artery. In the submandibular region, the facial artery gave rise to the mandibular glandular, the masseteric, the sublingual glandular branches and the submental artery. x 1.4. Fig. 7 . Medial view of the right side (cf. Fig. 2 ). The mandible was removed. The submental artery gives rise to the digastric and the mylohyoid branches, and anastomoses (7 ) with the opposite fellow at a position posteroinferior to the intermandibular synchondrosis. The lingual gingivae of the lower incisors are supplied by twigs (1/ ) of the lingual artery. *: Twig to the lingual gingivae of the molars. x 10. In Fig. 15 , a thick, posterior superior labial artery continues as the anterior superior labial artery after anastomosing with a branch of the infraorbital and terminates in the superficial (sb) and deep (db) branches. The former passed upwards as the nasal septal branch. x 1.0.
